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(54) [Title of the Invention] 

Surface protective pressure-sensitive adhesive tape or sheet [Abstract] 



(57) [Abstract] 

[Constitution] A surface protective pressure-sensitive adhesive tape or sheet characterized by the 
fact that a pressure-sensitive adhesive layer is formed on one surface of a plastic base material 
via a primer layer containing a polymer having a unit based on an acrylate or methacrylate having 
a quaternary ammonium salt group. 
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[Effect] 



According to the present invention, it is possible to produce a surface protective 



pressure-sensitive adhesive tape capable of effectively controlling electrical shock based on static 
electricity while other properties of conventional pressure-sensitive adhesive tapes such as 
adhesion with time and low surface contamination are being retained. Thus, the tape can be used 
effectively as a pressure-sensitive adhesive tape for protection of the surface of metal products 
from scratches, and when an applicator without a static removal component is used or handling is 
done by an inexperienced worker, electrical shocks based on static electricity do not occur; thus, 
working efficiency can be increased. 

[Claims of the invention] 

[Claim 1] A surface protective pressure-sensitive adhesive tape or sheet characterized by the 
fact that a pressure-sensitive adhesive layer is formed on one surface of a plastic base material 
via a primer layer containing a polymer having a unit based on an acrylate or methacrylate having 
a quaternary ammonium salt group. 

[Claim 2] The surface protective pressure-sensitive adhesive tape or sheet described in 
Claim 1 wherein the unit based on an acrylate or methacrylate having a quaternary ammonium 
salt group is structural unit (I) shown in the general formula: 
[Chemical formula 1] 



-e-CH.-CR'^- . 

R' 





R 4 
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(Wherein, R 1 is a hydrogen or methyl, R 2 is an alkylene, R 3 , R 4 and R 5 are alkyls, and X is a 
halogen). 

[Claim 3] The surface protective pressure-sensitive adhesive tape or sheet described in 
Claim 1 or Claim 2 wherein the primer layer includes a unit based on an acrylate or methacrylate 
having a quaternary ammonium salt group at a ratio of 1 .6X10" 4 to 1 .5x10° mol/g. 

[Detailed description of the invention] 

[0001] 

[Field of industrial application] The present invention pertains to a surface protective pressure- 
sensitive adhesive tape or sheet and the invention further pertains to a pressure-sensitive adhesive 
tape or sheet used for protection of the surface of metal products from scratches during the course 
of storage, transportation or processing. Furthermore, the invention further pertains to a 
pressure-sensitive adhesive tape or sheet with a reduced electrical shock based on static 
electricity generated at the time of bonding or peeling of the pressure-sensitive adhesive tape or 
sheet in winter months. 
[0002] 

[Prior art and problems to be solved by the invention] 

surface protective pressure-sensitive adhesive tape or sheet (hereinafter referred to as "pressure- 
sensitive adhesive tape") temporarily covers the surface of metal products, plastic products 
during the course of processing, transportation or storage to protect the surface from scratches, 
contamination, and corrosion, and the tape is easily removed as a single piece after use. For the 
base material used for the above-mentioned surface protective pressure-sensitive adhesive tape or 
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sheet, plastic materials such as polyvinyl chloride, polyethylene, polypropylene, and polyester are 
used. Metal products such as metal sheets are heavy, handling is made difficult, and load at the 
time of contact or load at the time of processing is high, thus, scratches are easily formed. 
Therefore, a thick tape is used in many cases and in general, a pressure-sensitive adhesive tape 
having a base material made of polyvinyl chloride is used. Furthermore, in the case of metal 
product mainly comprising a stainless steel such as wall materials and roofing materials, 
materials are stored outdoors for approximately 2 months in many cases, and the function of the 
protective film should be retained during the course of storage, thus, a pressure-sensitive 
adhesive tape having a base material made of a polyvinyl chloride having high weather resistance 
is used in many cases. In the case when the above-mentioned surface protective pressure- 
sensitive adhesive tape or sheet is applied to a metal product or plastic product, no problems are 
posed when an applicator equipped with a static removal apparatus is used, but when bonding is 
performed by an applicator without a static removal apparatus is used, or the machine is operated 
by an inexperienced worker, 'electrical shock based on static electricity is ignored. 
[0003] In the past, a method where a commercial antistatic agent is mixed with a base material or 
pressure-sensitive adhesive, or a method where a plasticizer such as dioctyl phthalate (DOP) is 
mixed so as to impart flexibility to the base material or pressure-sensitive adhesive and releasing 
of static electricity is performed right after formation of the static electricity or the formation 
ratio of the static electricity is reduced, are used for antistatic measure. However, in general, 
commercial antistatic agents are surfactants, and when a pressure-sensitive adhesive tape having 
a base material or pressure-sensitive adhesive mixed with the aforementioned agent is applied to 
a application object, blooming of the aforementioned antistatic agent occurs on the surface of the 
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application object, the pressure-sensitive adhesive is left behind the surface of the application 
object after removal of the pressure-sensitive adhesive tape, and especially when a high 
proportion of the antistatic agent is mixed, removal of contaminant from the application object is 
required. In order to prevent the above-mentioned surface contamination, in general, it is 
desirable when the mixing ratio of the antistatic agent is reduced to 0.5 wt% or below, though it 
depends on the thickness of the pressure-sensitive adhesive tape. However, effect of the 
antistatic agent is insignificant when the mixing ratio is the above-mentioned ratio and it is not 
possible to prevent electrical shock based on static electricity effectively. Furthermore, when a 
high proportion of the plasticizer such as DOP is mixed, the surface resistance is reduced, and the 
formation ratio of the static electricity is reduced, and the flexibility is increased; thus, the 
mechanical strength applied at the time of bonding or removal of the pressure-sensitive adhesive 
tape, and as a result, the static electricity formation ratio is reduced. On the other hand, 
properties of the pressure-sensitive adhesive tape undergo changes, namely, the flexibility of the 
base material film is increased and reduction in the tape width is likely to occur at the time of 
bonding. 

[0004] The purpose of the present invention is to produce a surface protective pressure-sensitive 
adhesive tape capable of effectively controlling electrical shock based on static electricity while 
other properties of conventional pressure-sensitive adhesive tape such as adhesion with time and 
low surface contamination are being retained. 

[0005] 

[Means to solve the problem] As a result of many researches performed by present inventors on 
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the subject, found a surface protective pressure-sensitive adhesive tape or sheet with a lessor 
degree of contaminant on the surface of the application object after removal of the pressure- 
sensitive adhesive tape and lessor degree of electrical shock based on static electricity generated 
can be produced when a polymer having a unit based on an acrylate or methacrylate having a 
quaternary ammonium salt group (hereinafter referred to as "acrylate or methacrylate" or 
"(meth)acrylate") is included in the primer layer of the pressure-sensitive adhesive tape, and the 
present invention was accomplished. 
[0006] In other words, the present invention is: 

(1) A surface protective pressure-sensitive adhesive tape or sheet characterized by the fact that a 
pressure-sensitive adhesive layer is formed on one surface of a plastic base material via primer 
layer containing a polymer having a unit based on an acrylate or methacrylate having a 
quaternary ammonium salt group, and the invention further pertains to 

(2) the surface protective pressure-sensitive adhesive tape or sheet described in the above- 
mentioned (1) wherein the unit based on an acrylate or methacrylate having a quaternary 
ammonium salt group is the structural unit (I) shown in the following general formula: 
[0007] 

[Chemical formula 2] 



-S-CHj-CR 




C00-R 2 -N-R 6 X 



(0 
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[0008] (Wherein, R 1 is a hydrogen or methyl, R 2 is an alkylene, R 3 , R 4 and R 5 are alkyls, and X 
is a halogen), and furthermore, the invention pertains to 

(3) the surface protective pressure-sensitive adhesive tape or sheet described in the above- 
mentioned (1) or (2) wherein the primer layer includes the unit based on an acrylate or 
methacrylate having a quaternary ammonium salt group at a ratio of \.6x\0~ 4 to 1 .5xl0" 3 mol/g. 
[0009] In the present specification, the definition of each substituent is as shown below. 
Alkylene means a linear or branched alkylene with 1-4 carbon atoms, for example, methylene, 
ethylene, propylene, butylene, etc. can be mentioned, and ethylene is especially desirable. For 
alkyl, a linear or branched alkyl with 1-3 carbon atoms, for example, methyl, ethyl, propyl, etc. 
can be mentioned, and methyl is especially desirable. For halogen, fluorine, chlorine, bromine, 
and iodine can be mentioned, and chlorine is especially desirable in this case. 
[0010] A primer layer containing a polymer having a unit based on (meth)acrylate having a 
quaternary ammonium salt group is formed between the base material and pressure-sensitive 
adhesive layer of the surface protective pressure-sensitive adhesive tape or sheet of the present 
invention. The (meth)acrylate having a quaternary ammonium salt group used in the present 
invention is an ionic material, thus, the primer layer becomes a conductive layer. As described 
above, a continuous single layer of conductive layer is formed in the pressure-sensitive adhesive 
tape, thus, the static electricity generated in the tape escapes from the layer, and formation of 
static electricity can be prevented. 

[001 1] For the base material used in the present invention, plastic films such as polyvinyl 
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chloride, polyolefm (for example, polyethylene, polypropylene, etc.), and polyester can be 
mentioned. In particular, it is desirable when a polyvinyl chloride having superior mechanical 
strength and weather resistance is used. 

[0012] A known additives, for example, plasticizers such as DOP, fillers, stabilizers, 
antioxidants, etc. can be included in the base material used in the present invention, as needed. 
[0013] The primer layer used in the present invention includes a polymer based on the unit of 
(meth)acrylate having a quaternary ammonium salt group. The unit of (meth)acrylate having a 
quaternary ammonium salt group included in the above-mentioned polymer can be derived when 
the (meth)acrylate containing a quaternary ammonium salt group shown in the following general 
formula: 
[0014] 

[Chemical formula 3] 

CHi=CR l 

I R 3 

C00-R 2 -fU 5 X 

t 

[0015] (Wherein, R 1 is a hydrogen or methyl, R 2 is an alkylene, R 3 , R 4 and R 5 are alkyls, and X 
is a halogen), 

when the aforementioned unit is shown in the structural uniform (I) is polymerized or 
copolymerized with other monomers. 
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[0016] For the (meth)acrylate having a quaternary ammonium salt group, dimethyl aminoethyl 
acrylate chloromethyl quaternary salt, dimethyl aminoethyl methacrylate chloromethyl quaternary 
salt, etc. can be used effectively. 

[0017] For the (meth)acrylate having a quaternary ammonium salt group, commercial products 
such as DMAEA-Q (product of Kojin Co., Ltd.) and DMA-MC (product of Osaka Organic 
Chemical Co., Ltd.) can be used for dimethyl aminoethyl acrylate chloromethyl quaternary salt, 
and DMAPAA-Q (product of Kojin Co., Ltd.) can be used for dimethyl aminoethyl methacrylate 
chloromethyl quaternary salt. 

[0018] For the monomer used for copolymerization with the above-mentioned (meth)acrylate 
having a quaternary ammonium salt group, for example, ethyl acrylate, methyl acrylate, 2- 
hydroxy ethyl acrylate, butyl acrylate and 2-hydroxy ethyl hexyl acrylate can be mentioned. 
Among those listed above, ethyl acrylate, methyl acrylate and 2-hydroxyethyl acrylate are further 
desirable from the standpoint of adhesion of the primer with the base material. Furthermore, one 
type, or two or more different types of the above-mentioned monomers can be mixed and used in 
combination. 

[0019] In production of the copolymer having the unit of (meth)acrylate having a quaternary 
ammonium salt group, for 100 parts by weight of the (meth)acrylate having a quaternary 
ammonium salt group, 300-1900 parts by weight, preferably, 400-900 parts by weight, of the 
other monomer is used and copolymerization reaction is performed. It is further desirable when 
55-700 parts by weight of an alkyl acrylate or alkyl methacrylate is used as the other monomer 
for 100 parts by weight of the (meth)acrylate having a quaternary ammonium salt group and a 
copolymerization reaction is performed. 
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[0020] As for the synthesis method of the polymer having a unit of (meth)acrylate having a 
quaternary ammonium salt group, a known method, for example, solution polymerization method 
can be mentioned. 

[0021] Furthermore, for the above-mentioned primer layer, in addition to the unit of 
(meth)acrylate having a quaternary ammonium salt group, other polymers may be further 
included. For the other polymers, for example, acrylic acid-acrylate copolymer, natural rubber- 
acrylate copolymer, polyacrylate, etc. can be mentioned. As a method used for adding other 
polymers to the electrical shock based on static electricity, a method where mixing is performed 
with the above-mentioned polymer containing the unit of (meth)acrylate having a quaternary 
ammonium salt group, or a method where grafting is performed for the above-mentioned 
polymer, can be mentioned. 

[0022] In the case when the polymer containing the unit of (meth)acrylate having a quaternary 
ammonium salt group and the above-mentioned other polymers are used in combination for the 
primer layer, in general, the amount of the other polymer used is in a range of 20-80 parts by 
weight, preferably, in a range of 40-60 parts by weight, for 100 parts by weight of the above- 
mentioned polymer though, it depends on the polymer containing the unit of (meth)acrylate 
having a quaternary ammonium salt group used. 

[0023] The ratio of the unit of (meth)acrylate having a quaternary ammonium salt group included 
in the aforementioned primer layer is preferably, in a range of 1.6x1 0" 4 to 1 .5x1 0~ 3 mol/g, and in 
a range of 5.0xl0' 4 to 7.0xl0~ 4 mol/g is further desirable. When the above-mentioned ratio is 
L6xl0" 4 or below, an adequate antistatic effect is less likely to be achieved, and on the other 
hand, when the above-mentioned ratio exceeds 1.5x10 3 mol/g, the adhesion between the base 
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material and pressure-sensitive adhesive is likely to be reduced. 

[0024] Furthermore, known additives such as antistatic agents, carbons, and metal fillers may be 
included in the primer layer used in the present invention. 

[0025] In the pressure-sensitive adhesive tape of the present invention, a pressure-sensitive 
adhesive layer is formed on one surface of the base material via the above-mentioned primer 
layer. 

[0026] The pressure-sensitive adhesive included in the pressure-sensitive adhesive layer used for 
the present invention is not especially limited, and for example, acrylic type pressure-sensitive 
adhesives (for example, acrylic acid-acrylate copolymers, polyacrylates, etc.), rubber type 
pressure-sensitive adhesives (for example, natural rubbers, natural rubber-acrylate copolymers, 
etc.), etc. can be used effectively. 

[0027] Known additives, for example, plasticizers such as DOP, fillers, stabilizers, antioxidants, 
etc. can be included in the base material used in the present invention, as needed. 
[0028] The pressure-sensitive adhesive tape of the present invention itself can be produced by a 
conventional method. For example, coating is performed for the base material film with a primer 
solution (for example, dissolved in water, alcohol, etc.) using a wire bar, etc., coating is further 
performed with a pressure-sensitive adhesive using a reverse coater, etc. and drying is 
subsequently performed. In this case, coating of the pressure-sensitive adhesive can be 
performed after drying the primer layer. Furthermore, coating of a primer layer is performed for 
the base material and a pressure-sensitive adhesive layer produced separately can be applied as 
well. 
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[0029] In general, the thickness of the base material used in the present invention is in a range of 
70-180 \im, preferably, in a range of 100-130 ^im. In general, the thickness of the primer layer 
after drying is in a range of 1-4 |im, preferably, 2-3 \im. And in general, the thickness of the 
pressure-sensitive adhesive layer after drying is in a range of 5-20 pin, preferably, in a range of 
8-13 ^m. 
[0030] 

[Application Examples] The present invention is further explained in specific terms with 
application examples below, but the present invention is not limited to these application 
examples. Furthermore, parts means parts by weight. 
[0031] Application Example 1 

A base material composition comprising 100 parts of polyvinyl chloride resin, 30 parts of DOP, 2 
parts of polyvinyl chloride stabilizer, and 5 parts of titanium dioxide is formed into a film with a 
thickness of 100 ^im and production of polyvinyl chloride film was performed to be used as a 
base material. A primer composition produced by performing copolymerization reaction for 85 
parts of ethyl acrylate, 15 parts of dimethyl aminoethyl acrylate chloromethyl quaternary salt 
(DMAEA-Q product of Kojin Co., Ltd.) and 3 parts of 2-hydroxy ethyl acrylate with 100 parts of 
mixed solvent of ethyl alcohol/water (1/1 (volume ratio)) with 0.2 parts of azo type initiator 
(product name V-50, product of Wako Chemical Co., Ltd.) at a temperature of 50-60°C is coated 
onto the aforementioned base material by a wire bar in such a manner that a dry film thickness of 
2 ^im can be achieved. Subsequently, a pressure-sensitive adhesive composition made of 75 parts 

of natural rubber modified with methyl methacrylate, 25 parts of terpene resin (product name YS 
Resin, product of Yasuhara Chemical Co.; Ltd.), and 2 parts of thiuram type vulcanizer using a 
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reverse coater in such a manner that a dry film thickness of 10 |im can be achieved, and hot-air 

drying was performed at 130°Cx2 minutes so as to produce a pressure-sensitive adhesive tape 
(includes 7.5x1 0" 4 mol/g of unit of (meth)acrylate having a quaternary ammonium salt group in 
the primer layer). 
[0032] Application Example 2 

In application example 1, 3 parts of 2-hydroxyethyl acrylate was changed to 0 parts, and 
production of a pressure-sensitive adhesive tape was performed as described above (includes 
7.8x1 0" 4 mol/g of unit of (meth)acrylate having a quaternary ammonium salt group in the primer 
layer). 

[0033] Application Example 3 

In application example 1 , dimethylaminoethyl acrylate chloromethyl quaternary salt was changed 
to dimethyl aminoethyl methacrylate chloromethyl quaternary salt (DMAPAA-Q (product of 
Kojin Co., Ltd.) and production of a pressure-sensitive adhesive tape was performed as described 
above (includes 6.9x1 0" 4 mol/g of unit of (meth)acrylate having a quaternary ammonium salt 
group in the primer layer). 
[0034] Application Example 4 

In Application Example 1, 85 parts of ethyl acrylate was changed to 60 parts of ethyl acrylate and 
25 parts of methyl methacrylate, and azo type initiator, V-50 was changed to VA-061 (product of 
Wako Chemical Co., Ltd.) and production of a pressure-sensitive adhesive tape was performed as 
described above (includes 7.5x1 0" 4 mol/g of unit of (meth)acrylate having a quaternary 
ammonium salt group in the primer layer). 
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[0035] Application Example 5 

In Application Example 1,15 parts of dimethyl aminoethyl acrylate chloromethyl quaternary salt 
was changed to 5 parts and production of a pressure-sensitive adhesive tape was performed as 
described above (includes 2.6x1 0" 4 mol/g of unit of (meth)acrylate having a quaternary 
ammonium salt group in the primer layer). 
[0036] Application Example 6 

In Application Example 1,15 parts of dimethyl aminoethyl acrylate chloromethyl quaternary salt 
was changed to 25 parts and 85 parts of ethyl acrylate was changed to 75 parts, and production of 
a pressure-sensitive adhesive tape was performed as described above (includes 1.25xl0~ 4 mol/g 
of unit of (meth)acrylate having a quaternary ammonium salt group in the primer layer). 
[0037] Comparative Example 1 

In Application Example 1,15 parts of dimethylaminoethyl acrylate chloromethyl quaternary salt 
was added to the pressure-sensitive adhesive layer andproduction of a pressure-sensitive 
adhesive tape was performed as described above (includes 7.5x1 0" 4 mol/g of unit of 
(meth)acrylate having a quaternary ammonium salt group in the pressure-sensitive adhesive 
layer). 

[0038] Comparative Example 2 

15 parts of dimethyl aminoethyl acrylate chloromethyl quaternary salt was omitted in the primer 
layer and production of a pressure-sensitive adhesive tape was performed as in the case of 
Application Example 1. 

[0039] With the tapes produced in the above-mentioned Application Examples 1-6 and 
Comparative Examples 1-2, evaluations were performed for initial adhesion, adhesion with time, 
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surface contamination, electrical shock, static electricity, and adhesion between the base material 
and pressure-sensitive adhesive. Evaluation methods used are shown below. 
[0040] (1) Initial adhesion 

A pressure-sensitive adhesive tape with a width of 10 mm was applied to a stainless steel sheet 
(SUS430BA) with the surface cleaned with a toluene ahead of time under a condition of 
23°Cx60% RH using a rubber roll, left standing for 30 minutes to produce a sample. The 
resistance at the time of when peeling was performed to the 180° direction by a universal tensile 
tester (RTM-100, product of Orientech Co., Ltd.) was measured and used as the adhesive 
strength. In this case, the peel speed was 300 mm/min. 
[0041] (2) Adhesion with time 

The sample produced as described above was stored under an atmosphere of 40°Cx60% 
RH for 1 month, then, under an atmosphere of room temperature of 23°Cx60% RH for 2 hours, 
and a measurement of the adhesive strength was performed as in the case of (1). 
[0042] (3) Surface contamination 

Pressure-sensitive adhesive tapes were applied to a mirror finish stainless steel sheet (#800 
finish) and stored indoors or outdoors (facing south side at an angle of 30°) for 1 month and 3 
months. Subsequently, samples were removed from the stainless steel sheet and the 
contamination on the surface of the stainless steel sheet was visually examined. The criterion 
article as shown below. 

o : Slight contamination is observed at a certain angle of the optical fiber. 

A : contamination is observed at all angles of the optical fiber. 

X: The adhesive is bonded to the stainless steel sheet in the form of a layer. 



-16- 



KOKAI PATENT APPLICATION NO. HEI 8-325538 

[0043] (4) Electric shock 

When rewinding of the pressure-sensitive adhesive tape with a width of 300 mm was performed 
at a rate of 1 5 m/min, the electrical shock felt under the condition of 5°Cx50% RH was 
examined. The criterion is as shown below, 
o : Slight degree of static electricity is felt 

x: An obvious electrical shock is felt 
[0044] (5) Formation of static electricity 

Measurement was performed for the degree of static electricity felt from the distance of 10 cm 
away from the surface of the pressure-sensitive adhesive tape when rewinding of the pressure- 
sensitive adhesive tape with a width of 300 mm was performed at a rate of 15 m/min, and the 
value of 5 seconds after starting of measurement was defined as the degree of static electricity 
formation. In this case, KS-471, product of Kasuga Denki Co., Ltd. was used as the 
measurement apparatus for static electricity. 

[0045] (6) Adhesion between the base material and pressure-sensitive adhesive layer 

Each adhesive surface of two pieces of pressure-sensitive adhesive tapes (20x100 mm) was 

applied to each other and peeled instantaneously, and the process was repeated, and an evaluation 

was performed for the adhesion between the base material and pressure-sensitive adhesive layer 

based on the number of times when the pressure-sensitive adhesive was applied to one or the 

other pressure-sensitive adhesive tape. The criterion is as shown below. 

o circle: Removal of pressure-sensitive adhesive is absence for more than 10 times 

[0046] The results obtained above are shown in Table I. 
[0047] 
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[Table I] 
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2 


3 
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5 


6 
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2 
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on 


DMAEA-Q 


15 


15 
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25 


- 


— 




DMAPAA-Q 
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15 


— 


— 


— 




— 




Ethyl acrylate 


85 


85 


85 


60 


85 


75 


85 


85 




Ethyl 

methacrylate 








25 












2-hydroxyethyl 
acrylate 


3 




3 


3 


3 


3 


3 


3 




V-50 


0.2 


0.2 


0.2 




0.2 


0.2 


0.2 


0.2 




VA-061 








0.2 










Initial adhesion (g/20 mm) 


100 


100 


100 


100 


100 


100 






Adhesion with time (g/20 
mm) 


250 


250 


250 


250 


250 


250 






Surface 

contamina 

tion 

(indoors/o 
utdoors) 


1 month 


o/o 


o/o 


o/o 


o/o 


o/o 


o/o 


o/o 


o/o 


3 months 


o/o 


o/o 


o/o 


o/o 


o/o 


o/o 


o/X 


o/o 


Electric shock 


o 


o 


o 


o 


o 


0 


X 


X 


Static electricity generation 
ratio (kV) 


0-5 


0-5 


0-5 


0-5 


5-10 


5-10 


30-40 


40-50 


Adhesion between base 
material and pressure- 
sensitive adhesive 


o 


o 


o 


o 


o 


o 


o 


o 



[0048] 

[Effect of the invention] According to the present invention, it is possible to produce a surface 
protective pressure-sensitive adhesive tape capable of effectively controlling electrical shock 
based on static electricity while other properties of conventional pressure-sensitive adhesive tape 
such as adhesion with time and low surface contamination are being retained. Thus, the tape can 
be effectively used as a pressure-sensitive adhesive tape for protection of the surface of metal 
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products from scratches, and when an applicator without static removal component is used or 
handling is performed by an inexperienced worker, electrical shock based on static electricity is 
absent, thus, working efficiency can be increased. 
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